Objectives: Clinicians and patients are increasingly accessing information through Internet searches. This study aimed to examine clinicians' current search behavior when using the Turning Research Into Practice (TRIP) database to examine search engine use and the ways it might be improved.
11% (n ϭ 69,006) used ''AND'' and 0.8% (n ϭ 4,941) used ''OR.'' Of the elements of a well-structured clinical question (population, intervention, comparator, and outcome), the population was most commonly used, while fewer searches included the intervention. Comparator and outcome were rarely used. Participants in the observational study were interested in learning how to formulate better searches.
Conclusions:
Web log analysis showed most searches used a single term and no Boolean operators. Observational study revealed users were interested in conducting efficient searches but did not always know how. Therefore, either better training or better search interfaces are required to assist users and enable more effective searching. 
Highlights

Implications
• Improving clinicians' access to electronic information will require clear, easy-to-use search functions that guide word combinations and/or better training in search techniques.
• Search engines should incorporate common misspellings.
• Helpful ordering and presentation of search results is likely to be of equal importance as the use of good search terms.
INTRODUCTION
Clinicians continually encounter clinical questions for which they need to find answers. For example, 350 million general practice National Health Service (United Kingdom) consultations per year take place [1] , and, with a conservative estimate of one question per four primary care consultations [2] , there could be at least 80 million consultation-related questions per year. Of the questions primary care physicians recognize, they have been shown to pursue only one-third [3] . Currently, real-time information needs in clinical care are often poorly addressed or ignored [4] . A consequence is that high-quality evidence is underused by clinicians to the detriment of patient care. Reflecting this issue, one study indicates that approximately half of recommended processes for health care are actually delivered to patients [5] . The causes of the gap between clinicians' information needs and meeting the needs include information overload (more than 1,800 research papers, including at least 55 randomized trials, are published per day), insufficient knowledge synthesis, and ineffective methods of continuing medical education [6, 7] .
Though most health care workers would like to apply evidence more consistently, several practical barriers exist. These include failure to recognize or record important questions about patient care that arise in consultations and the lack of sufficient time, skills, knowledge, or confidence to search and appraise relevant research at the point of clinical decision making [8] [9] [10] . Therefore, better recognition of information needs and greater ease of access to evidence-based resources at the point of care is critical to the use of evidence in practice and improved care and outcomes for patients. Search and meta-search engines are now widely available and are designed to improve clinicians' access to available information. These engines allow clinicians to search several electronic evidence resources at once, the aim being to save time and enable more efficient searching of up-to-date information. A focused question is crucial to providing the evidence to facilitate change in practice [11] . The elements used in evidence-based question formulation are population, intervention, comparator, and outcome (PICO) [9] . Boolean operators such as ''AND'' and ''OR'' should be used to combine the PICO elements and increase the sensitivity (ORs) and specificity (ANDs) of a search.
The Turning Research Into Practice (TRIP) database-launched in 1997 as a result of the work of the founders, Jon Brassey and Chris Price-is a metasearch engine widely used in the United Kingdom and internationally [12] . The aim of the TRIP database is to allow easy access to online evidence-based material. Initially, the database was a collection of a few thousand links to various sites accessible via a crude search mechanism. Since then the site has developed into a sophisticated search tool, which now searches 150 resources (in addition to the millions of articles in MED-LINE) and over 80,000 documents such as guidelines and reviews. The TRIP database, which until September 2006 was subscription based, is now freely accessible.
The key features of the TRIP database can be subdivided into content and search technology. The content includes both primary and secondary research information categorized into: evidence-based synopses, clinical questions, systematic reviews, guidelines (for North America, Europe, or Other), electronic textbooks, clinical calculators, medical images, patient information leaflets, and MEDLINE. Examples of the resources in each category are shown in Table 1 . A number of automated methods are used to improve the search recall and/or precision including the automatic addition of synonyms, Unified Medical Language System (UMLS) matching (using the UMLS metathesaurus), recognition of misspelling (which checks for misspellings when no results are found and suggests an alternative search term), and personalization (which restricts auto-searches to top journals in a specialty area) [13] . Further information about how the automated methods function can be found in the TRIP database [12] .
Since the launch of the TRIP database, the majority of developments to improve the system have been devised ''in-house'' as a result of using the Website to provide the question-answering services ATTRACT (a service for Welsh General Practice) and the National Library for Health Question Answering Service (available to all). However, this study was commissioned to provide an independent external view of the TRIP database, by using individual user observation and Web log analysis conducted by persons not previously involved in the development of the TRIP database. The goals of the evaluation were to observe a number of individual users who were not associated with the database or the question-answering services and report perceived problems. The aim of the evaluation was to improve the system. Analysis of Web log data from the TRIP database, supplemented by user observation, was used to address the main questions: 1. How do users currently search? 2. What problems do users have in finding appropriate answers to questions when using a meta-search engine? 3. How could the process or contents of the Website be modified to either improve the answers retrieved or reduce the time required to identify answers?
No studies have been identified that use an approach of similar mixed methods as in the current study, which used quantitative data from Web logs in combination with an observational study and subsequent analysis to identify how clinicians use a search engine in actual practice.
METHODS
The study was conducted in two phases: (1) a Web log analysis of the TRIP database and (2) an observational study of health care professionals' use of the TRIP database.
All search terms that appeared more than once in a year of Web log data from the TRIP database were analyzed, and an observational study focused on usability of the resources as employed by clinicians. The combination of the two methods enabled the authors to study trends in and types of use and to identify and analyze specific problems encountered by the users.
Web log analysis
All user searches and links followed in the TRIP database between May 2004 and May 2005 were analyzed using Microsoft Excel. The data were sorted and a count of all unique terms or unique phrases made. The frequency of search terms and frequency of any Boolean operators (OR, AND, NOT) in search phrases were analyzed.
For searches on the most common topic (asthma), three authors (Glasziou, Heneghan, Brassey) independently classified the search terms based on the PICO structure [14] . Where authors did not agree, the final decision was made by the senior clinical author (Glasziou). Investigations were also conducted to determine which topics and resources were most frequently accessed. However, a limitation of the Web log is that the details of documents accessed via MEDLINE and medical images are not specifically recorded; therefore, if a user followed a link to MEDLINE or medical images, the Web log data does not indicate which document was retrieved.
User observation
To supplement the Web log information, a convenience sample of nine volunteers, all health care professionals, was observed while using the TRIP database. The study participants were from a range of health care disciplines and professions, the majority physicians, and were specifically chosen to provide a diverse user group. Participants were asked about their Internet use and previous use of the TRIP database. All participants had experience using the Internet, and two had used the TRIP database previously. These two users indicated considerable experience and training in evidence-based medicine (EBM).
The observational study was conducted by a researcher (Meats) experienced in EBM and familiar with, but independent of, the TRIP database. The observations lasted between thirty and ninety minutes and were conducted in a nonclinical setting in the United Kingdom between February and May 2005. The observer made written notes during the observational study, which were later checked against an audio recording for clarification. The observational study was semi-structured and based on two themes: 1. Method of question answering: the ways users formulate questions, the time taken to search, and the results categories used. 2. Investigation of various database features: exploring and commenting on the features found under each heading, such as clinical areas, my TRIP, publications, and about us.
To understand how clinicians approach a search, participants were asked to search for the answers to a question of their own and up to three predetermined questions from a selection of questions that had been asked by a general practitioner at the department of primary care within the previous few weeks. The predetermined questions were: 1. Are intermittent antifungals effective for onychomycosis? 2. Are there any effective treatments of molluscum contagiosum? 3. What are the symptoms of leptospirosis?
These three questions were chosen because they are about less common conditions seen in primary care. Participants were asked to continue to search until they found an answer that they felt confident about. When the question-answering task was complete, users were asked to navigate and comment on all sections of the Website. Participants were asked to think aloud throughout the entire observational study. The participants were observed as they used the TRIP database, and any questions, false tracks, or errors that occurred during the search were recorded by the observer and reviewed with the participant after the searches and navigation of the Website had been completed.
The observer prompted users to the next stage of the study, for example: ''Now please can you look at and comment on the clinical areas section of the TRIP database.'' However, the observer did not answer questions or help the users in any way. Following the observations, participants were invited to comment on their searches and the meta-search engine. This report includes the information gained from the observations and the views of the nine participants. The observational data were analyzed thematically by the observer (Meats). The analysis involved coding, categorizing, and sorting the data to reveal emergent themes.
RESULTS
Web log analysis
Between May 2004 and May 2005, 620,735 searches were undertaken. Of these, 88% (n ϭ 544,788) did not involve the use of Boolean operators. Approximately 11% of searches (n ϭ 69,006) used the Boolean ''AND,'' and only 0.8% (n ϭ 4,941) used the Boolean ''OR.'' Approximately 0.9% (n ϭ 5,514) of searches used a multiline search and combined lines using terms such as ''#1 AND #2.'' No terms were entered in 2,236 searches.
Most of the top 20 search terms indicated a disease, condition, or problem; fewer terms involved treatment, intervention, or diagnostic test ( Table 2 ). The most common term was the single term ''asthma,'' which accounted for just over 1% of all search terms. The highest ranking intervention was ''hormone replacement therapy'' at number 30, followed by ''glucosamine'' at number 47.
To analyze the types of multiword searches within topics, the searches used with the most common single topic ''asthma'' were studied (Table 3) . ''Asthma'' occurred alone as a search term 4,952 times and occurred within a phrase an additional 2,513 times. Thus, a single term for asthma was about twice as common as a combined term, though the combined terms were rare- * P ϭ population, I ϭ intervention, C ϭ comparator, O ϭ outcome, E ϭ type of document, ϩ ϭ more than one of that particular element.
ly connected by a specific Boolean operator. The most frequent combinations of terms were modifications or refinements of the population or problem such as ''childhood asthma'' and ''acute asthma.'' Some users also added terms about an intervention (education, steroids, vaccines, etc). However, in the majority of searches, the PICO structure of question formulation was rarely used, and most questions consisted of only the population or the population and intervention elements, as illustrated in Table 3 . Often multiple population elements were used. The comparator and outcome were not used in this subset of searches. Columns 4, 5, and 6 indicate the number of results in the evidence-based, guidelines and question-answering service categories. The classification of the PICO elements of the search terms in Table 3 demonstrates that search terms that use the population element alone or multiple population elements appear to generate larger numbers of results than searches that use a combination of the population and intervention elements. A number of searching errors were noted in the analysis. Misspellings were common, for example, hipertension (for hypertension) occurred 229 times and bronquiolitis (for bronchiolitis) occurred 167 times. The single most frequent misspelling was of the most common single term: ''asma'' (for asthma), which occurred 454 times. Some, but not all, of these errors were caught by the TRIP misspellings database. A second type of error involved ambiguity in use of Boolean operators, for example, the search phrase, ''hrt or hormone replacement therapy'' (which occurred 17 times in the Web log), is ambiguous. It can be phrased as either: ''(hrt OR hormone) AND replacement AND therapy,'' which yields 2,465 articles in the Therapy filter of PubMed, or as ''hrt OR (hormone AND replacement AND therapy),'' which yields 5,182 articles in the Therapy filter of PubMed.
Resources used
For many of the 620,735 searches, the users only appeared to read the list of retrieved titles without viewing the resources to which the titles are linked. The Web log showed that 131,740 searches resulted in accessing articles indexed in the TRIP database. The TRIP database Web log of linkages showed that around 20% of searches resulted in accessing externally indexed databases: around 10% (44,400) to MED-LINE and around 10% to medical images. Thus, the total number of links accessed was closer to 220,540 (i.e., 131,740 links followed directly from the TRIP database ϩ 44,400 MEDLINE ϩ 44,400 medical images). Therefore, on average, around one-third of all the 620,735 searches resulted in a user going to one of the documents retrieved by the search. A wide range of resources was used. The most popular were the Database of Abstracts of Reviews of Effectiveness (DARE) and Cochrane Database of Systematic Reviews (Cochrane) ( Table 4 ). The 22 resources in Table 4 account for 82% (107,579/131,740) of all followed links, with the remainder from 121 other evidence resources searched by the TRIP database.
After analysis of the original Web log data, further data were collected about the top 10 articles viewed in the TRIP database during an entire year. The top 10 articles viewed during the year of 2005 and the number of times viewed can be seen in Table 5 . Six of the top 10 articles viewed were guidelines, three systematic reviews, and one an evidence-based synopsis.
In addition, to find out more about the current users of the TRIP database, data were collected at the end of December 2005. The data revealed that users during the month of December were from: United States (69%), United Kingdom (10%), Canada (5%), Saudi Arabia (3.5%), and Spain (2.5%).
Usability testing: searching for answers
To complement the Web log analysis of user searches, a semi-structured observational study was conducted involving nine participants. Analysis of these observations revealed different approaches to the use of the TRIP database. For example, when searching for an answer to a clinical question, one participant looked in the clinical areas section of the TRIP database first, where resources are categorized into specific clinical subject areas, whereas others went straight to the general search function of the TRIP database.
Participants had many different approaches to formulating a search strategy, in particular whether to use single or multiple terms and whether to use Boolean operators. Most participants had questions about formulating a search and were interested to know whether Boolean operators could be used and in what format. The observer did not offer assistance at any stage. Those who used the search tip information in the search function found it to be useful, noting the advice on how to build a search and which Boolean operators were supported. Two participants who had considerable experience with EBM used the Boolean operators ''AND'' or ''OR'' or the truncation symbol ''*,'' alone or in combination, when searching, whereas most others used ''AND'' or did not use Boolean operators or truncation symbols. Participants often began, unsuccessfully, with complex searches and found later that they had more success searching with just one or two terms. The participants own questions included: 1. Should all type 2 diabetics be on aspirin? 2. What are the benefits and risks of surgical treatment for esophageal reflux in children? 3. Are topical antibiotics better than topical steroids for otitis externa?
The average time taken for participants to find satisfactory answers to clinical questions was 8 minutes (range 1.5 to 38), with satisfactory answers resulting from 74% (n ϭ 14) of searches. Over half of these answers were found in 5 minutes or less. For the 26% (n ϭ 5) of searches for which the participants failed to find satisfactory answers, the searches were abandoned after an average of 11 minutes (range 9 to 14). Of the 5 searches that were abandoned, 2 involved predetermined questions that other participants felt confident that they had answered, and the remaining 3 were the participants' own questions. After becoming familiar with the search function by searching for the answer to their initial question, most participants took less time to find answers to subsequent questions.
The observational study was semi-structured and therefore the observer would prompt the users as to the next task when necessary. Users were asked think aloud, and the observer did not prompt for questions; any questions that the participant had were noted by the observer and discussed after the observations were complete. Thematic analysis of think-aloud observations revealed that participants wanted to know about the methods by which the TRIP database searches and about the resources being searched. They were particularly interested to know about the background of resources they were not familiar with, for example, where they came from and how they were funded. Participants also wanted to know which countries particular guidelines applied to. They clearly preferred to look at publications from resources that they were familiar with rather than explore new resources, as evidenced by their choices and comments on encountering unfamiliar resources. Participants indicated that they liked the way in which results were grouped into categories and tended to choose evidence-based, query answering service, guidelines, and MEDLINE therapy articles in preference to other results categories.
Thematic analysis of the discussions subsequent to the searches revealed information about particular features of evidence-based search engines that participants found helpful. Access to a range of publication resources was appreciated, in particular access to medical images and patient information leaflets. In addition, participants found it helpful to have results grouped into categories separating guidelines and primary evidence.
The design and ease of navigation was also discussed. Participants indicated that it was important for Websites to use a color combination of text and background that is easy to read and for Websites to be easily navigated with clear and obvious links to the features. Many participants used the search tips linked to the TRIP database search function and would like the search engine to have quick reference guides linked to all areas of the database, for example, a quick reference guide to the clinical areas section of the TRIP database.
While formulating a search, participants liked to have the ability to add filters (e.g., restrict searches to core journals or article types) and be aware which filters, if any, have already been added. Participants also preferred to have the option of choosing either a simple or an advanced search. One participant suggested the advanced search could be set out in a PICO format.
DISCUSSION
The analysis of 12 months of Web logs found that most questions were formulated using just a single term that described the clinical condition. Only 1 in 9 searches used the Boolean operator ''AND,'' and only 1 in 125 employed ''OR.'' These results suggest that either search engine interfaces need a different approach to the way the interface is designed and the way it can be used and/or that clinicians require education about how to formulate a question and build up a search using appropriate terms.
The Web log analysis revealed that the most popular resources were the DARE and Cochrane databases. The systematic reviews in the DARE and Cochrane databases were used roughly in proportion to the numbers of reviews contained in each of the databases, suggesting these were accessed by relevance of the review, not by which database the review appeared in.
The observational study gives several insights into how this search engine is used by health care professionals and the features they prefer. It is clear from the false tracks taken that more education or instruction is needed if users are to search efficiently. In addition, Web designers need to improve the clarity and ease of navigation of search functions, with clear information about resources searched. Better ''tagging'' of resources is also needed, including information about the country of origin, which is particularly important for guidelines. Participants suggested that the guidelines in the TRIP database should be grouped in this way.
In addition to obstacles due to Website design and layout, this study has also highlighted obstacles due to the methods by which users search. The findings of the current study reiterate obstacles found by previous studies, which include the time required to find information and difficulty in selecting an optimal search strategy [8] . The purpose of a meta-search engine is to simultaneously search multiple resources, allowing more comprehensive searching and saving time.
It has been found previously that time is a major barrier to general practitioners pursuing answers to clinical questions [10] . The need for improved information access including single portal access has also been highlighted [26] . Many of the obstacles found in the current study may also apply to other meta-search engines, and this study design involving both observational study and Web log analysis could also be applied other search engines.
No previous studies were found that used the combination of Web log data and observational study to address real user search behavior. However, one study reviewed relevant literature and existing information resources and used individual interviews and focus groups about current practice and information needs [26] . The findings were similar to the current study and suggested a need for improved information delivery systems based on user needs.
The current study has some limitations. Firstly, for the duration of the Web log data and the observational study, the database allowed three free searches per week, after which subscription was necessary (TRIP database is now free to all). This restriction might have affected the way in which the TRIP database was used. However, without having data about individual users' behavior, it was not possible to say whether this was the case. This restriction did not affect the observational study. Another limitation was that participants in the observational study did not use their own computers, and the presence of the observer and the artificial setting might have affected the participant's approach to the task. However, every effort was made to minimize the effect caused by the presence of the observer. In addition, this study was restricted to a single search engine. However, this is a meta-search engine containing most of the major evidence resources and is widely used.
Many of the conclusions drawn from this study are generalizable and useful to those involved in designing search engines and teaching search techniques. As a result of recommendations made by the current study, a number of changes have been made to the TRIP database. These include modifying the names of some of the categories in the TRIP database to add clarity and better understanding of the content. In addition, guidelines are now grouped into categories: North America, Europe, and Other. On the home page, there is a search function with a quick reference guide showing how to formulate a search. In addition, searches can be filtered by specialization, and clear explanation of how the TRIP database functions and conducts searches is provided. The patient information leaflets and medical images that were highlighted by the observational study as being a useful resource are now prominently linked from the home page.
This study has facilitated improvement of the TRIP database by identifying key aspects of search engine design: clear informative linking, a well-explained search function, and appropriate categorization of results. In addition, this study demonstrates that users appeared to make inefficient use of the search engine and the provided evidence resources. The study has found that users generally use simple approaches to searching, most use just the population element of the clinical question, and Boolean operators are rarely used. However, users are interested in learning how to conduct efficient searches. Hence, further research to understand how to provide simple but sufficient training in how to search or develop interfaces that encourage more sophisticated input could improve users' standards of searching.
